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Summary
 The characteristics of microbial populations in raw milk at the time of processing has a signifi-
cant influence on shelf life, organoleptic quality, spoilage and yields of the raw milk, processed milk as 
well as on the other dairy products. Unfortunately, cold and extended storage of raw milk, as a com-
mon practice in dairy sector today, favour the growth of psychrotrophic bacteria. Therefore, their 
count in the cooled milk is more than the ideal limit of 10% of the initial raw milk microbial popula-
tion. Psychrotrophic bacteria are generally able to form extracellular or intracellular termoresistant 
enzymes (proteases, lipases and phospholipases) which can cause spoilage of milk and dairy product. 
In addition, besides exhibiting spoilage features, some species belonging to the psychrotrophs are 
considered as opportunistic pathogenic bacteria that carry inherent resistance to antibiotics and/or to 
produce toxins. In sense of quality, psychrotrophic bacteria have become major problem for today’s 
dairy industry as leading causes of spoilage and significant economic losses. This review focuses on 
the impact of psychrotrophs on quality problems associated with raw milk as well as on the final 
dairy products. In addition, the most common species and means of controlling strategies were also 
discussed
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Introduction
 With the introduction of cooling and cold stor-
age of raw milk in the 1950s, as obligatory techno-
logical steps, its bacteriological quality has been sig-
nificantly improved (Causin and Bramley, 1985). 
Since then, the acidification of raw milk caused by 
the growth of mainly lactic acid bacteria and/or other 
mesophilic bacteria was almost completely stopped. 
According to the official data of the Croatian Agri-
culture Agency (internal report HPA, 2011), 93 % 
of the total quantity of delivered raw milk in 2011 
year, achieved the EU standards for the total count 
of aerobic mesophilic bacteria (≤100,000 cfu mL-1) 
and for the somatic cells count (≤400,000 mL-1). 
 However, the extended storage times of raw 
milk at low temperatures (2-6 °C) have a signifi-
cant influence on the composition of the natural 
present microbial population. Thus, in cooled raw 
milk initially dominant Gram-positive mesophilic 
aerobic bacteria are replaced by Gram-negative and 
Gram-positive psychrotrophic bacteria (Causin 
and Bremley, 1985; Lafarge et al., 2004). The 
domination of psychrotrophic bacteria in the total 
microbial population is even more pronounced when 
milk is produced in poor hygiene conditions and/or 
contains increased numbers of somatic cells (Wal-
stra et al., 1999a; Barbano et al., 2006). For these 
reasons, psychrotrophic bacteria usually account 
for more than 90% of the total microbial popula-
tion in cooled raw milk (Magan et al., 2001). Also, 
Cempírková (2002) reported a high correlation 
(r=0.69) between the number of psychrotrophic 
bacteria and the total count of bacteria in bulk sam-
ples of raw milk in a two-year experiment (three 
stages).
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 In addition to the ability to grow and multiply 
at low temperatures, psychrotophic bacteria have 
the ability to produce heat stable extracellular and/
or intracellular hydrolytic enzymes (Causin, 1982; 
Chen et al., 2003). Many of these enzymes retain 
their activity even after the conventional heat treat-
ment of milk. Furthermore, psychrotrophic bacteria 
are the most commonly isolated organisms which 
caused the spoilage of the heat treated milk and 
dairy products as the result of post-pasteurization 
contamination of the products (Larsen and Jør-
gensen, 1997; Eneroth et al., 2000; Santana 
et al., 2004). Due to these properties of psychro-
trophs, the spoilage and reduced quality of milk and 
dairy products can be both the consequence of the 
presence of live organisms and/or their thermostable 
enzymes (Grosskopf and Harper, 1969; Fox and 
Stepaniak, 1983; Braun et al., 1999; Koka and 
Weimer, 2001). Spoilage is occurred as the change 
of flavour, undesirable coagulation of milk proteins, 
and the increased concentration of free fatty and 
amino acids. In addition, depending on the type of 
dairy product, the atypical texture and proportion of 
certain undesirable organic compounds are occurred 
(Cox, 1993; Boor and Murphy, 2002; McPhee 
and Griffiths, 2002; Cempírková and Mikulová, 
2009). With regard to other quality aspects, such as 
suitability of milk for the production of dairy prod-
ucts, psychrotophs have a significant negative effects 
on yields as well as on limiting shelf life of dairy 
products (Causin, 1982).
 The majority of psychrotrophic bacteria that 
causes milk and dairy product spoilage are not path-
ogenic. However, certain species of these bacteria 
have the ability to produce toxins and/or show re-
sistance to antibiotics and therefore must be con-
sidered as opportunistic human pathogenic bacteria 
(Netten et al., 1990; Beattie and Wiliams, 2002; 
Finlay et al., 2002; Munsch-Alatossava and Ala-
tossava, 2006; Hemalatha and Banu, 2010; Sen-
esi and Ghelardi, 2010). 
 Almost all species of psychrotrophic bacteria 
have the capacity to adhere to solid surfaces so they 
may form a biofilm on the inner surfaces of dairy 
equipments. In relation to the planktonic cells of the 
same bacterial species, biofilm is difficult to remove 
by means of any conventional cleaning and antibac-
terial chemicals. For that reason, in the dairy indus-
try, biofilm can be a persistent source of permanent 
product contamination by psychrotophs which caus-
es spoilage and/or can be conditionally pathogenic 
(Sillankorva et al., 2008; Simões et al., 2010).
 The EU standard for high raw milk quality re-
quires that the total count of mesophilic aerobic bac-
teria is lower than 30,000 cfu mL-1, and the count 
of psychrotrophic bacteria that is lower than 5,000 
cfu mL-1. In that sense, any increase of psychrotophs 
in the microbial population of raw milk will nega-
tively influence the product quality to a certain ex-
tent and, indirectly, will reduce the incomes. Thus, 
it is estimated that modern dairy industry has losses 
of up to 30 % due to spoilage and reduced product 
quality caused by psychrotrophic bacteria (Varnam 
and Sutherland, 1996a; 1996b; Garbutt, 1997; 
Randolph, 2006).
 In the context of the negative influence of 
psychrotrophic bacteria on milk and dairy product 
quality, this review aims to describe: characteristics 
and properties of the most important species of psy-
chrotrophic bacteria associated with milk and dairy 
products and their potential for the occurrence of 
spoilage of raw milk, heat-treated milk, cream, but-
ter and cheese. In addition, the most common sourc-
es of contamination and the importance of control of 
psychrotrophic bacteria in the dairy industry are also 
described.
Psychrotrophic bacteria
 Psychrotrophic bacteria are not the specific 
taxonomic group of microorganisms, but are defined 
as group of different bacterial species that are able 
to grow at 7 °C or less regardless of their optimal 
temperature of growth (IDF Bulletins, 1976).
 Psychrotrophic bacteria are ubiquitous in na-
ture, primarily in water and soil, including vegeta-
tion. A small number of psychrotrophic bacteria 
can also be present in the air. Their optimal meta-
bolic activity is expressed at temperatures between 
20 and 30 °C. However, they can grow and multi-
ply at low temperatures through an enrichment of 
polyunsaturated fatty acid in their membrane lip-
ids. In other words, the altered cell membrane se-
cures sufficient permeability for membrane fluidity 
and transport activity of metabolites necessary for 
growth and reproduction of bacteria at low tempera-
tures (Schinik, 1999). Furthermore, in the micro-
biological sense, the genus Pseudomonas certainly 
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includes the most diverse and ecologically significant 
group of bacteria on Earth. Ubiquitous distribution 
of these bacteria indicates a remarkable degree of 
their physiological and genetic adaptability (Spier 
et al., 2000).
 Psychrotrophic bacteria isolated from cooled 
milk belong to Gram-negative and Gram-positive 
genera and are taxonomically classified into seven 
classes. Gammaprotobacteria, Bacilli and Actino-
bacteria are the dominant classes containing be-
tween 19 and 21 species, while Alphaproteobacteria, 
Betaproteobacteria, Flavobacteria and Sphingobac-
teria are the four less significant classes (Hantsis-
Zacharov and Halpern, 2007). Furthermore, 
Hantsis-Zacharov and Halpern (2007) isolated 
from the cooled raw milk approximately 20 % of 
isolates for which they assumed to be new species of 
psychrotrophic bacteria.
 A significant number of bacterial strains iso-
lated from cooled milk belong to the genera: Bacil-
lus, Stenotrophomonas, Acinetobacter, Pseudomonas 
and the species Burkholderia cepacia (previously 
called Pseudomonas cepacia) and same of them are 
considered potentially pathogenic bacteria. Namely, 
these bacterial species are associated with infec-
tions in humans and animals, particularly in cases of 
immune-repression, and they show pronounced re-
sistance to antibiotics (Foght et al., 1996; Sven-
sson et al., 2006.; Munsch-Alatossava and Ala-
tossava, 2005; Beena et al., 2011).  
 The genera Pseudomonas, Aeromonas, Serratia, 
Acinetobacter, Alcaligenes, Achromobacter, Entero-
bacter and Flavobacterium with predominance of 
the genus Pseudomonas are mentioned as the most 
often representatives of the Gram-negative popula-
tion isolated from raw milk (Lück, 1972; Murray 
and Stewart, 1978; Zall, 1985; Sørhaung and 
Stepaniak, 1997; Stepaniak, 2002). The species 
of the genus Pseudomonas show particular physiolog-
ical and genetic adaptability. Many molecular studies 
have confirmed an astounding degree of polymor-
phism in the length of restriction fragments between 
strains of the same species, and even between strains 
that are very closely related (Spiers et al., 2000; 
Martins et al., 2006). In addition, Pseudomonas 
spp. have showed greater genetic variability within 
strains belonging to the same species then genetic 
diversity among different species of Gram-negative 
psychrotrophic bacteria have been estimated (Mar-
tines et al., 2006).
Pseudomonas spp., with predominance of P. fluores-
cens, are the most commonly isolated spoilage or-
ganisms in raw and pasteurized milk. The majority 
of these bacteria (58-91 %) have the ability to show 
distinct enzymatic extracellular proteolytic, lipolytic 
and phospholipolytic activity (Law, 1979; Stead, 
1986; Wang and Jayarao, 1999; Wiedmann et al., 
2000). The differences found in the extracellular en-
zymatic activity of Pseudomonas spp. are attributed 
to their extremely genetic variability among strains. 
However, the strains those have the same ribotipy 
usually have the same extracellular enzyme profile 
(Wiedmann et al., 2000; Dogan and Boor, 2003). 
 In comparison to other psychrotrophic bacteria, 
Pseudomonas spp. are characterised by a short gen-
eration time (<4 h), which implies that contamina-
tion with just a single microbial cell can lead to their 
numbers greater than 106 cfu mL-1 in milk after eight 
days of storage at temperatures of 4 °C (Langeveld 
and Cuperus, 1976). This fact corresponds to the 
coefficient of multiplication of 1x10n mL-1, mean-
ing that within 48 hours, the number of bacteria 
will increase by approximately 4x10n+3 mL-1 when 
the generation time is 4 hours. At the same time, 
the increase in the number of bacteria will be only 
1.6x10n+1 mL-1 if their generation time is 12 hours 
(Suhren, 1989). 
 The Gram-positive psychrotrophic bacteria 
isolated from raw milk include following genera: 
Bacillus, Clostridium, Corynebacterium, Microbac-
terium, Micrococcus, Arthobacter, Streptococcus, 
Staphylococus and Lactobacillus. With the exception 
of Arthobacter and Lactobacillus, the other genera 
of that group belong to the thermoresistant psychro-
trophic bacteria (Washam et al., 1977). 
 Among the microbial species that can survive 
the usual heat treatment of milk, Bacillus spp. are 
the most common isolated Gram-positive bacte-
ria. According to their physiological characteristics, 
they belong to the mesophilic and thermophilic 
psychrotrophic strains (Grosskopf and Harper, 
1969; Thomas and Druce, 1969; Collins, 1981; 
Sørhaung and Stepaniak, 1997; Kumarsan et al., 
2007). Bacillus spp. are a very heterogeneous group 
of bacteria characterised by different nutritional re-
quirements, the ability to grow in a wide range of 
temperatures and pH values, and show different re-
sistance to osmotic pressure. Due to the different 
physiological properties they express, the standardi-
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sation of procedures to isolate these bacteria from 
milk and dairy products, as well as to define the con-
ditions for their inactivation are made more difficult 
(McGuiggan et al., 1994; Francis et al., 1998). 
 Among the bacteria belonging to genus Bacillus, 
from raw, heat treated milk and dairy products B. 
stearothermophilus, B. licheniformis, B. coagulans, 
B. cereus, B. subtilis and B. circulans are the most 
commonly isolated species. The spores of these 
thermoresistant psychrotrophic aerobic or faculta-
tive anaerobic bacteria are activated immediately af-
ter the heat treatment of milk by forming vegetative 
forms. In relation to Pseudomonas spp., the vegeta-
tive cells of Bacillus spp. have a greater capacity to 
form broad spectrum of thermostable extracellular 
and intracellular hydrolytic enzymes (Chen et al., 
2003; 2004). In 40-84 % of cases, Bacillus spp. (with 
the predominance of the species B. cereus) isolated 
from milk expresses both proteolytic and lipolytic 
activities, and approximately in 80 % of cases also a 
phospholipolytic activity (Muir, 1996; Matta and 
Punj, 1999). Furthermore, certain species of the 
genus Bacillus can produce more than one type of 
proteinases simultaneously. However, according to 
their hydrolytic characteristics these enzymes are 
comparable to the hydrolytic enzymes formed by 
Pseudomonas fluorescens.
 In addition to hydrolytic thermostable en-
zymes, Bacillus species such as B. cereus, B, licheni-
formis and B. subtilis are able to form different 
types of toxins which are implicated in food borne 
diseases (Griffiths, 1990; Salkinoja-Salonen et 
al., 1999; Svensson et al., 2006). It is particularly 
interesting that Bacillus cereus, which is a very com-
mon contaminant of milk and dairy products, can 
produce several different enterotoxins that are re-
sponsible for human infections or intoxication. For 
example, haemolytic BL (HBL), non-haemolytic 
enterotoxin (Nhe) and cytotoxin K (CytK) are as-
sociated with gastrointestinal diseases and/or other 
systematic infections in humans. These enterotoxins 
are released in the small intestine after consumption 
of the contaminated product. However, the emetic 
enterotoxins such as the cereulids that B. cereus se-
cretes directly into food are responsible for intoxica-
tion that is manifested with the appearance of nau-
sea and vomiting within 1-6 hours of consumption of 
the product (Brown, 2000; Senesi and Ghelardi, 
2010). 
 Gram-positive spore-forming bacteria are 
present in raw milk in a much lesser extent than 
Gram-negative psychrotrophic bacteria (Suhren, 
1898). The most likely reason for the lesser occur-
rence of these bacteria in raw milk is their longer 
generation time (~8.5 hours) and longer lag phase 
at temperatures between 2-7 °C. However, in milk, 
these bacteria become dominant when it is stored for 
longer periods at a temperature of 10 °C (which is 
often the case in shops), or when produced in im-
proved technological conditions. Wong et al. (1988a) 
confirmed the presence of B. cereus in: 52 % of ice 
cream samples, 29 % powdered milk samples, 17 % 
of fermented milk samples and 2 % of pasteurized 
milk samples. According to the study by Griffiths 
and Phillips (1990), about 50 % of the Bacillus spp. 
strains isolated from milk are even capable of grow-
ing at a temperature of 2 °C. Therefore, Bacillus spp. 
are today considered the main microbial causes for 
the spoilage of milk and milk products, and the main 
reason for significant economic losses in the dairy in-
dustry (Meer et al., 1991; Brown, 2000). 
Hydrolytic enzymes 
 The majority of psychrotrophic bacteria have 
the ability to form hydrolytic thermostable enzymes 
that break down the major constituents of milk; milk 
fat, protein and lecithin (Fox, 1981; McKellar, 
1982; Rowe et al., 1990; Dogan and Boor, 2003). 
These enzymes retain from 30 to 100 % of their 
activity after conventional heat treatment of milk 
(pasteurisation: 72 °C/15 s; sterilisation 138 °C/2 
s; 149/10 s). From the perspective of quality and 
economics, the hydrolytic thermostable enzymes 
formed by Pseudomonas spp. and Bacillus spp., i.e. 
proteases, lipase and phospholipase, have the most 
significant meaning in the dairy industry.
 In general, the proteinases of psychrotrophic 
bacteria destabilise casein through hydrolysis, and the 
result is the formation of a gel structure or coagulation 
of sterilised milk during storage. In cheese making, 
proteinases (which are not extracted by whey) cause 
a significant yield loss (Adams et al., 1976; Law et 
al., 1977; Cousin, 1982; Cousin and Mirth, 1977; 
Mitchell and Marshall, 1989). Furthermore, prote-
olysis caused by psychrotrophic bacteria has a nega-
tive effect on the products flavour, which has been 
described as bitter, foreign, unclean, fruity, yeasty or 
metallic (Marshall, 1982; Ran et al., 1988). 
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 With the hydrolysis of milk fat through the ac-
tivity of the bacterial lipases of psychrotrophic bac-
teria, free fatty acids are released. These are the pri-
mary cause for the changes in product flavour that 
is described as rancid, unclean, soapy or bitter. The 
lipolytic flavours defects are particularly pronounced 
in cream, butter, cheese and sterilised (UHT) milk 
(Stead, 1986; Champagne et al., 1994).  
 Lecithinase and other phospholipases are im-
portant groups of lipases of psychrotrophic bacteria 
that are able to disrupt the native membrane struc-
ture of fat globules and milk fat become available to 
the native milk lipases resulting in physical degra-
dation of the emulsion in milk (Shah, 1994). The 
lipases of Gram-negative and Gram-positive psy-
chrotrophic bacteria have a molecular mass between 
30 and 50 kDa and pH optimum between 7 and 9, 
and expressed certain preferential specificities with 
regard to the cleaving site and for hydrolysis of tria-
cylglycerols, diacylglycerols and monoacylglycerols 
(Chen et al., 2003).
 The activity of the hydrolytic enzymes of Pseu-
domonas spp. in cold storage raw milk is 100 %. 
However, several of these enzymes are able to keep 
their activity between 60-70 % after pasteurisation, 
and 30-40 % after sterilisation of milk. For those rea-
sons, these bacterial enzymes have been the most 
studied and best described (Fox and Stepainak, 
1983; Sørhaung and Stepaniak, 1997; Braun 
et al., 1999; Koka and Weimer, 2001). Particular 
strains of Pseudomonas spp. are capable of simul-
taneously forming all three types of hydrolytic en-
zymes (proteinase, lipase and phospholipase), while 
some form only lipases or proteinases (Matta and 
Punj, 1999). The differences in the extracellular 
enzymatic activity of individual strains are most like-
ly associated with a belonging to a particular genetic 
group (Ercolini et al., 2009). For example, strains 
of Pseudomonas spp. with 55-S-6 ribotype exhibit 
the highest proteolytic activity than those belonging 
to the 50-S-8 ribotype. On the other hand, strains 
belonging to the 72-S-3 ribotype have the highest 
lipase activity (Dogan and Boor, 2003). 
 The proteinases of Pseudomonas spp. are prima-
rily enzymes with a molecular mass between 40-50 
kDa, which contains at least one Zn atom and up 
to 16 Ca atoms in their molecular structure. The 
optimum pH of the Pseudomonas spp. proteinases 
are neutral (~7) or alkaline (7-9). The majority of 
these proteinases are extremely thermostable, and 
some are even stable after the heating of milk to 
100 °C/30 minutes (Fox, 1981; McKellar, 1982; 
Kumura et al. 1993). Also, in comparison with the 
spores of B. stearothermophilus, the proteinases of P. 
fluorescens are reported to have approximately 4000 
times greater thermostability (Adam et al., 1976). 
Despite the exceptional thermostability they ex-
hibit, it is interesting to note that the most of these 
proteinases are unstable at temperatures of 55-60 °C 
(McPhee and Griffiths, 2002). However, at those 
temperatures, the loss of the proteinase activity is 
not the consequence of autoproteolysis (which often 
occurs in the absence of proteins), but as a result 
of the formation of the enzyme-casein complex in 
milk (Chen et al., 2003). The proteinases of Pseu-
domonas spp. have the ability to degrade κ, αs1 and 
β-casein of milk, which is the consequence of the 
physical destruction of the colloidal system that is 
primarily manifested in the form of coagulation and 
the development of an intensively bitter flavour in 
the product (Muir, 1996).
 The lipases and phospholipases of Gram-neg-
ative psychrotrophic bacteria hydrolyse milk fat 
and lecithin, thereby releasing free fatty acids (the 
normal content of free fatty acids in milk fat is be-
tween 0, 5-1, 2 mmol 100 g-1). The increased level 
of free short-chain fatty acids (C4-C8) causes ran-
cid flavour in dairy products. Medium-chain fatty 
acids (C10-C12) are the most common cause for 
the soapy, unclean or bitter product flavours. Free 
long-chain fatty acids (C14-C18) are not believed 
to influence a change in the flavour of milk and milk 
products (Al-Shabibi et al., 1964; Champagne et 
al., 1994). The necessary concentration of free fatty 
acids in the product for evident change in flavour is 
approximately 8.0 g/kg (C8) to 27.5 mg/kg (C4). 
 Bacillus spp. in comparison with Pseudomonas 
spp. show more diverse proteolytic activity, and 
many species are capable of forming more than one 
type of extracellular and intracellular proteinase 
(Nabrdalik et al., 2010). However, the intensity 
of protolytic changes is dependent on species and 
stain of Bacillus spp., as well as of the temperature. 
Thus, among the casein fractions, κ-casein is hy-
drolysed in fastest rate when temperature of milk 
is higher then 4 °C and the result is the formation 
of the para-κ-casein complex. The breakdown of 
α- and β-casein is somewhat less pronounced at the 
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same temperatures, and is generally not observed at 
temperatures of 4 °C (Janštová et al., 2004). The 
result of the proteolytic changes caused by Bacillus 
spp. is a significant increase in the concentration of 
free tyrosine (Nabrdalik et al., 2010), which can 
increase in milk up to 2.13 mg mL-1 in comparison 
with their initial values of approximately 0.65 mg 
mL-1 (Janštová et al., 2006). 
 The lipolytic activity of Bacillus spp. is also 
significant at temperatures higher than 4 °C, and li-
pases of almost all species isolated from milk show 
a certain degree of specificity for the breakdown 
of mono- and diacylglycerols. Significant lipolytic 
changes, in the sense of increasing the concentration 
of free fatty acids in milk, have been confirmed for 
the presence of B. licheniformis and B. cereus (Chen 
et al., 2004; Janštová et al., 2006). 
 Unlike the bacteria Pseudomonas spp. which 
have the ability to form divergent lipases belonging 
to six different biochemical groups, the bacteria of 
the genus Bacillus form closely related extracellular 
and intracellular lipases that belong to two groups 
(Chen et al., 2004). In comparison to proteinases, 
the lipases of Bacillus spp. are more thermostabile. 
However, both types of enzymes are sufficiently 
thermostable at all temperatures of milk heat treat-
ment and therefore remain active in the all dairy 
products, including milk powder (Chen et al., 
2004).
 Despite numerous researches dealing with the 
ability to form thermostable enzymes and their in-
fluence on the most important components of milk, 
the mechanisms of their synthesis has not yet been 
fully explained. This fact confirms their complex-
ity on the one hand and makes setting objectives for 
their control impossible on the other (Sørhaug and 
Stepaniak 1997; McPhee and Griffiths, 2002; 
Nĕmečková et al., 2009).
Biofilm 
 An important characteristic of psychrotrophic 
bacteria associated with milk and dairy products is 
their ability to form exopolysaccharides and/or li-
popeptides. This components form structurally dif-
ferent groups of metabolites that enable bacteria to 
adhesion to solid surfaces upon which they can form 
a biofilm (Watnick and Kolter, 2000; Raaijmak-
ers et al., 2010). The biofilm may be formed by a 
single bacterial species, including spoilage and path-
ogenic organisms. However, the biofilm is often con-
sists of the mixture of microorganisms present in the 
actual environment. So, biofilm is generally defined 
as a complex structural, heterogeneous, genetically 
divergent community of microorganisms that exist 
on a solid surface in the form of an extracellular ma-
trix composed of polymeric compounds. The nature 
of the extracellular three-dimensional matrix, the 
ratio of proliferation and interaction between cells 
within the biofilm is determined by the available 
conditions for growth, the medium and substrate 
(Watnik and Kolter, 2000; Constantin, 2009). 
 The physiologically similar cells within the bio-
film indicate significantly different properties and 
changes in the bacterial physiology in comparison 
with their planktonic counterparts (O’Toole et al., 
2000; Vlková et al., 2008). Due to the changes, the 
bacterial communities within the biofilm are more 
resistance to the majority of antibiotics and disin-
fectants then planktonic cells (López et al., 2010). 
Also, significant is the fact that the bacterial species 
B. subtilis, B. cereus (facultative anaerobic bacteria) 
and P. fluorescens (aerobic bacteria) are capable of 
jointly forming biofilm. In the biofilm, these bacteria 
develop different physiological characteristics than 
then have planktonic cells (Constantin, 2009). For 
example, in a binary biofilm, the survival of the bac-
teria P. fluorescens after exposure to chlorine dioxide 
(ClO2) is higher in the presence of the species B. 
cereus (Lindsay et al., 2002). Furthermore, Bester 
et al. (2005) confirmed that the biofilm serves as 
a source of free bacterial cells with varying charac-
teristics in relation to the planktonic cells and cells 
of the same species within the biofilm. Namely, the 
bacterial cells within the biofilm develop a greater 
cell biomass and have the ability to temporarily sep-
arate from the formed biofilm. For these reasons, in 
the dairy industry, biofilm formation can be a diffi-
cult to resolve and long-lasting source of permanent 
product contamination with psychrotrophic bacteria 
that cause spoilage and/or can be opportunistic path-
ogenic (Mosteller and Bishop, 1993; Sillanko-
rva et al., 2008; Simõoes et al., 2010).
Sources of contamination
 Psychrotrophic bacteria are not part of the nat-
ural microbial population of the udder, and there-
fore their presence in raw milk is exclusively the re-
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sult of milk contamination after milking (Gaunot, 
1986; Suhren, 1989; Munsch-Alatossava et al., 
2005). The most commonly stated sources of Gram-
negative psychrotrophic bacteria are: residual water 
in milking machines, milk pipelines or coolers, dirty 
udders and teats, inadequate cleaning of surfaces of 
dairy equipment for reception, transport and stor-
age of milk, and biofilm (Santana et al., 2004; 
Simõoes et al., 2010). 
 In terms of the sources of psychrotrophic 
spore-forming bacteria, such as those from the ge-
nus Bacillus, there is no universally accepted opin-
ion. In general, the appearance of Bacillus spp. in 
raw milk is usually attributed to seasonal effects 
(Sutherland and Murdoch, 1994). Hay and dust 
are considered to be sources of these bacteria during 
winter months, while teats dirtied by soil are sources 
during the humid summer months. Christiansson 
et al. (1999) confirmed that the number of spores in 
milk is significantly correlated to the degree of soil 
contamination of teats. On the contrary, Lukaševa 
et al. (2001) and Foltys and Kirchenerová (2006) 
did not confirm a significant seasonal influence on 
the presence of Bacillus spp. in raw milk, based on 
a one-month analysis of raw milk samples collected 
over the course of one year from different farms. A 
high correlation with incidence of Bacillus spp. in 
raw milk was confirmed in August and October by 
Lukaševa et al. (2001), who explained this as being 
due to changes in meals and poor udder hygiene dur-
ing milking, and not due to a seasonal influence.
 The bulk milk storage tanks, pipelines and fill-
ing machines are a significant source of contamina-
tion of milk and dairy products with Bacillus spe-
cies (Mosteller and Bishop, 1993; Eneroth et 
al., 1998; Sillankorva et al., 2008; Simõoes et al., 
2010). Wijman et al. (2007) confirmed that within 
24 hours, B. cereus forms a biofilm in all systems 
that are partially filled during technological opera-
tions or where residual liquid are reminded after 
the end of the process. Depending on the condi-
tions, biofilm can consist of up to 90 % spores, and 
probably is the favourable site for the formation of 
spores. The spores of B. cereus are able to separate 
out of the biofilm into the production environment. 
For this reason, in most cases, the presence of Bacil-
lus spp. spores in pasteurised milk is not the result of 
post-pasteurisation contamination, as was previously 
thought (Griffiths and Phillips, 1990). 
Raw milk
 Immediately after hygiene performed milking, 
fresh raw milk contains less than 5000 cfu mL-1. The 
dominant microbial population is mainly consisted 
of bacteria belonging to genera Micrococcus, Strepto-
coccus, Lactococcus and Corynebacterium, and a neg-
ligible number of other Gram-positive and Gram-
negative bacteria (Causin and Bremley, 1985). In 
the comparison with the total bacterial count, the 
occurrence of psychrotrophic bacteria in raw milk is 
less than 10 % (Gehringer, 1980). In practice, that 
means that milk produced under clean milking con-
ditions contains between 5,000-20,000 cfu mL-1 of 
psychrotrophic bacteria. However, cooling and the 
longer held raw milk at approximately 4 °C prior to 
processing, causes the changes in microbial popula-
tion. Under those conditions, the dominant Gram-
positive bacteria are replaced by Gram-negative and 
Gram-positive psychrotrophic bacteria. These bac-
teria in most of the cases have considerable nega-
tive effects on the quality of milk as well as dairy 
products (Causin and Bremley, 1985; Lafarge et 
al., 2004; Samaržija et al., 2009). Among psychro-
trophic bacteria that are associated with milk and 
dairy products, Pseudomonas spp. and Bacillus spp. 
are the most common isolated organisms in raw or 
heat treated milk at the time of spoilage (Mc Phee 
and Griffiths, 2002). 
 In a study conducted on the seven farms over 
the period of 18 months, Cempíriková (2002; 
2007) confirmed a high correlation (p<0.001) be-
tween psychrotrophic Gram-negative bacteria (PB) 
and total count of mesophilic aerobic bacteria (TB) 
with a proportional PB/TB index of 0.18. In the 
microbiological quality assessment of raw milk in 
Denmark, Holm et al. (2004) confirmed that psy-
chrotrophic bacteria were dominant in 28 % of cases 
where the TB exceeded 30,000 cfu mL-1. Although, 
that is the case of relatively low level of milk con-
tamination. Contrary to this, under conditions of 
unhygienic milking, the number of psychrotrophic 
Gram-negative bacteria in raw milk accounted for 
75-99 % of the total microbial population, with the 
predominance of the P. fluorescens (Marshall, 1982; 
Cox, 1993; Muir, 1996; Magan et al., 2006).
 Gram-positive spore-forming psychrotrophic 
bacteria in raw milk are present in negligible num-
bers <1 mL-1 (Boor and Murphy, 2002). However, 
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due to their psychrotrophic properties, with cooling 
and extended cold storage of raw milk, they become 
present in 27-58 % of cases (Johnston and Bruce 
1982; Griffiths and Phillips, 1990). Among 
spore-forming bacteria, incidences of Bacillus spp. 
in raw milk are approximately 95 % (Mirth and 
Steele, 2001). The incidence of Bacillus spp. in the 
number of 105 cfu mL-1 after seven days of storage 
of raw milk at 6 °C are confirmed by Griffiths and 
Phillips (1990). Also, the same authors found that 
50 % of the Bacillus spp. strains have ability to sur-
vive even at a temperature of 2 °C. The incidences 
of mesophilic aerobic psychrotrophic spore-forming 
bacteria in cold raw milk in the number of 2.5-340 
cfu mL-1 are estimated by Foltys and Kirchen-
erová (2006). This result is based on the analysis 
of 294 bulk raw milk samples that they have been 
collected from 14 farms in Slovakia over one year. 
 Potential sources of the bacteria B. cereus in 
raw milk were investigated over two years during 
the grazing season by Christiansson et al. (1999). 
Depending on the degree of contamination of the 
teats with soil, they established that the number of 
spores of B. cereus in raw milk can range between 
<10 to 880 L-1. In the raw milk collected in western 
Scotland (from 1040 farms), Johnston and Bruce 
(1982) confirmed the presence of Bacillus spp. in 
27.2 % of samples. B. cereus was isolated in 65.7 %, 
B. licheniformis in 19.9 %, and B. coagulan in 10.1 
% of samples, while the other species of the genus 
Bacillus were present in milk in negligible numbers. 
Of 100 samples of raw milk, Matt and Punj (1999) 
confirmed the presence of Bacillus spp. in 48 % of 
samples. In a relative comparison of the presence 
of particular species of this genus in raw milk, this 
study confirmed that B. cereus can be considered the 
most common species (32.2 %). On the contrary, in 
a one-year study of raw milk quality based on the 
276 samples that has been conducted in the Czech 
Republic by Lukaševa et al. (2001), the absolute 
domination of B. licheniformis (85 %) was con-
firmed, while other Bacillus spp. including B. cereus 
were less frequently present. Based on these results 
and results of other studies, it can be assumed that 
the dominant species of the genus Bacillus in raw 
milk is largely regionally specific.
 The rate at which psychrotrophic bacteria will 
achieve a level of contamination of ≥106cfu mL-1, 
i.e. the level in most cases necessary for the evident 
appearance of spoilage, is dependent on the initial 
number of bacteria immediately after milking and 
on time of cold storage of raw milk. For example, 
the number of psychrotrophic bacteria in milk prior 
to pasteurization will be greater than 107 cfu mL-1 
even in cases of a low initial level of contamination 
(<50,000 cfu mL-1) when it is held for 3-4 days at 
a temperature of 4-5 °C (Causin, 1982; Sørhaug 
and Stepaniak, 1997). However, by monitoring 
the growth dynamics of the microbial population of 
cooled raw milk (at 4 °C) using DNA-based molecu-
lar methods, Lafarge et al. (2004) confirmed that 
the psychrotrophic microbe population becomes the 
dominant population in milk within 24 hours, re-
gardless of the initial level of contamination.
 The consequences of enzymatic activity of psy-
chrotrophic bacteria in cooled raw milk include un-
desirable changes of milk fat, protein and lecithin, 
which negatively influence its quality and processing 
capacity (Fox and Stepainak, 1983; Braun et al., 
1999; Koka and Weimer, 2001). In addition, the 
thermostability of those enzymes, including some 
which are thermostable after heating to a tempera-
ture of 100 °C/30 minutes, may be a reason that 
heat treated milk is unacceptable for consumption 
and/or producing of high quality dairy products 
(Fox, 1981; McKellar, 1982; Dogan and Boor, 
2003; Hantsis-Zacharov and Halpern, 2007).
 The foreign flavour of raw milk that is described 
as bitter, fruity, yeasty or metallic is the result of the 
growth of non-spore forming psychrotrophic bac-
teria of the following genera Proteus, Pseudomonas 
(with the predominance of the species P. floures-
cens), Acinetobacter, Flavobacterium, Alcaligenes 
and Seratia (Marshall, 1982; Muir, 1996; Magan 
et al., 2001). 
 Unlike Gram-negative bacteria, the spores of 
Gram-positive psychrotrophic bacteria present in 
raw milk can survive pasteurisation and steriliza-
tion. For that reason, the shelf life of heat processed 
milk is reduced, off flavour as well as sweet clotting 
and gelation of milk are often observed (Johnston 
and Bruce, 1982; Svensson et al., 2004). In addi-
tion, compared with Gram-negative psychrotrophic 
bacteria, the incidence of Bacillus spp. can become 
predominant in raw and heat treated when it is proc-
essed under hygienic conditions (Ledford, 1998; 
Eneroth et al., 2001). Namely, in the absence of 
competitive microbial populations, the surviving 
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Table 1. Influence of the growth of psychrotrophic microbial populations in raw milk on dairy product 
quality
Product Kind of defect Cause 
Pasteurized milk
Precipitation when milk added 
to hot beverage (bitty cream)
Activity of phospholipases and proteinases 
from Bacillus spp., fat destabilization
Gelation
Thermoresistant proteinases [Gram-positive and 
Gram- negative of psychrotophic bacteria  
(~106-108 cfu mL-1)]
Fruity flavour Syntesis of esters; P. fragi
Shorter shel-life Stimulated by presence of etanol 
Sweet curdle Protein hydrolysis
Fouling in heat exchangers Proteases decrease heat stability of proteins
Sterilized milk
Rancidity, off-flavour,  
bitterness, soapy 
High concentration of free fatty acids due to activity 
of thermostabile lipases; protein hydrolysis due to 
activity of heat stabile proteinases 
Gelation after 1 week 
Thermostabile proteinases [Gram-positive and 
Gram-negative psychrotrophic bacteria  
(~108 cfu mL-1)]
Sweet curdling after 1-2 mjeseca 
Thermostabile proteinases [Gram-positive and 




fruity  bitterness, soapy 
High concentration of lipases and proteinases in milk 
(cream) prior pasterization; post-pasterisation  
contamination (Pseudomonas spp. Bacillus spp)




Activity of lipases and proteinases remain in curd that 
ongoing hydrological changes during ripening 
Lower yields 
Proteolysis cause mostly by proteinases of  
Pseudomonas spp.
Shorter coagulating time 
Higher concentration of free amino acids (bacterial 
proteinases) which stimulate the growth  
of starter culture 
Longer coagulation time
Higher concentration of free fatty acids (bacterial 
lipases) which inhibite the growth of starter culture 
(modified from Champagne et al., 1994)
spores in favourable condition can form vegetative 
cells and proliferate in milk rapidly. Therefore, for 
milk and dairy product quality, spores represent a 
much greater problem than their vegetative cells 
(Brown, 2000; Barbano et al., 2006). 
 The influence of contamination of raw milk 
with psychrotrophic bacteria prior to heat process-
ing on dairy product quality is shown in Table 1.  
Pasteurized and sterilized milk 
 Defects due to excessive number of psychro-
trophic bacteria in raw milk also have a negative 
impact on the quality of pasteurized (HTST) and 
sterilized (UHT) milk. Namely, properly conduced 
heat treatment procedures of raw milk eliminate 
Gram-negative psychrotrophic bacteria (that are the 
most common in cooled milk), but their heat stabile 
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enzymes survive as well as the spore of Gram-posi-
tive psychrotrophic bacteria (Rogelj and Bogović, 
1990; Elmher, 1998; Eneroth et al., 2000). 
Therefore, the spoilage of HTST and UHT milk is 
the consequence of the growth of these bacteria in 
raw milk prior to heat treatment and/or the activa-
tion of their thermoresistant enzymes or spores af-
ter heat treatment (Nelson, 1985; Craven et al., 
1994; Eneroth et al., 2000; Budová et al., 2002). 
In addition, it is not unusual that Gram-negative 
psychrotrophic bacteria in pasteurized milk may be 
the result of post-pasteurization contamination.
 Among the Gram-negative psychrotrophic bac-
teria, Pseudomonas spp. causes spoilage of pasteur-
ized milk in 15-33 % cases, and those incidence are 
in high correlation (r=0.857) with the total count 
of bacteria in milk (Samaržija, 2003; Kumaresan 
and Annalvilli , 2008). So, even very law initial 
number of these bacteria in pasteurized milk dur-
ing cooled storage will reach the critical level of 
106-107 cfu mL-1 within 10 days and contribute to 
milk spoilage (Eneroth et al., 1998). This level of 
bacterial contamination causes spoilage of pasteur-
ized milk, which are associated with occur of bitter 
components, unclean flavour and shortening of shelf 
life. For HTST milk, the expected shelf life can be 
less than 14 days (Sørhaug and Stepainak, 1997; 
Aaku et al., 2004). In comparison with HTST milk, 
the atypical flavour and negative proteolysis of milk 
that can appear after the fifth day of storage is more 
pronounced in UHT milk (Nörnberg et al., 2010). 
It seams that use of the higher temperature during 
processing lead to the exposure of new enzyme sub-
strate sites on protein molecules (McKeller, 1982). 
 Unlike Gram-negative, the Gram-positive 
spore-forming psychrotrophic bacteria survive heat 
treatment of milk and continue their growth in 
cooled milk (Larsen and Jorgensen, 1997; Huck 
et al., 2007). Of the Gram-negative psychrotrophic 
bacteria, Bacillus spp. with the predominance of 
the species B. cereus, B. subtilis and B. licheniformis 
are the most commonly isolated bacteria in spoiled 
HTST and UHT milk. The combinations of ther-
moresistant and psychrotrophic properties allow 
them to better withstand stresses then would be the 
case of their vegetative form. However, due to phys-
ical activation of spores by the temperature of heat 
treatment of milk they will grow again as active veg-
etative bacteria (Brown, 2000). Thus, B. cereus, B. 
subtilis and B. licheniformis in heat treated and cold 
storage of milk, where there is no contamination by 
other organisms will have favourable conditions to 
grow and multiply rapidly. Therefore, in modern 
dairy industry these bacteria are represented the 
major causes of spoilage of HTST and UHT milk 
(Meer et al. 1991; Muir, 1996; Lin et al., 1998; 
Matta and Punj, 1999). 
 Similar to most Gram-negative psychrotroph-
ic bacteria, the vegetative cells of Bacillus spp. are 
able to produce thermoresistant enzymes that are 
comparable to those of Pseudomonas spp. For exam-
ple, Bacillus spp. like Pseudomonas spp. exhibited 
marked biochemical activities such as hydrolyses of 
casein in 84 %, lecithin in 77 %, fat in 52 % and 
lactose in 8 % of cases that are responsible for milk 
spoilage (Johanton and Bruce, 1982). 
 The ability of 108 bacteria species of the ge-
nus Bacillus isolated from milk to induce proteolysis 
in sterilized milk is studied by Murugan and Villi 
(2009). The authors measured total proteins in milk 
and established a reduced ratio of casein nitrogen of 
4.82 % when contamination is caused by B. subti-
lis, 4.15 % for the species B. cereus, and 4.08 % in 
the case of B. licheniformis. All three species caused 
a foreign flavour and coagulation of milk after 30 
hours of incubation at a temperature of 37 °C. In 
the sense of proteolytic and lipolytic changes caused 
by the occurrence of Bacillus spp. in sterilized milk, 
Janštová et al. (2004) observed the reduction of 
total protein from 34.60 g/L to 29.46-32.86 g/L, 
and casein ratio reduction by 7.3 %. At the same 
time, the ratio of β-casein within the casein micelles 
was decreased by 27.53 % and α-casein by 43.95 %. 
 The significant increase of free fatty acids con-
centration in sterilized milk, as a consequence of 
lipolysis caused by Bacillus spp. is confirmed by 
Janštová et al. (2006). Namely, after three weeks 
of storage of UHT milk at a temperature of 24 °C, 
the initial concentration of free fatty acids of 41.97 
mmol kg-1 was increased to the 1617.22 mmol kg-1. 
The largest increase in the concentration of free fatty 
acids was confirmed in the case of the simultaneous 
contamination of UHT milk with B. licheniformis 
and B. cereus. In addition, due to the capacity of ex-
tensive lipolysis and proteolysis, it is considered that 
Bacillus spp. reduced the shelf-life of UHT milk 
by 25 %. Furthermore, Bacillus subtilis and/or the 
thermostable proteolytic enzymes of Gram-negative 
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bacteria hydrolyse casein, thereby destabilising the 
casein micelles and coagulation of milk similar to co-
agulation by rennin is occurred (Law et al., 1977; 
Mitchell and Marshall, 1989; Meer et al., 1991; 
Hamamoto et al., 1993; Rukure and Bester, 
2001). 
 The incidences of the bacteria B. cereus in pas-
teurized milk produced in three Danish dairies were 
monitored by Larsen and Jørgensen (1997) over a 
period of one-year. Of the total of 458 samples ana-
lysed, B. cereus was isolated in 257 (56 %) of sam-
ples, and its presence in pasteurized milk was signifi-
cantly higher during the summer (72 %) than during 
the winter (28 %) months. The estimated number 
of B. cereus in pasteurized milk was between 103 
and 3x105 cfu mL-1, and no significant differences 
were observed between dairies in the percentage of 
B. cereus positive samples. Likewise, López-Pede-
monte et al. (2003) also observed the higher oc-
currence of this bacterial species in pasteurized milk 
during the summer (May - October) than in the win-
ter period. 
 B. cereus is the dominant microbial species in 
pasteurized milk in cases when the cooling tem-
perature is above 7 °C and the cold storage time is 
longer (McGuiggan et al., 1994; TeGiffel et al., 
1997; Larsen and Jørgensen, 1999; Eneroth et 
al., 2000). Namely, 53 % of strains of B. cereus are 
able to grow at these temperatures with a genera-
tion time of approximately 8-9 hours (Dufrenne 
et al., 1994; TeGiffel et al., 1997). At the end of 
the shelf-life of naturally contaminated pasteurized 
milk, Larsen and Jørrgensen (1999) estimated 
the occurrence of B. cereus in 24 of the total 27 
samples. This study was conducted on three differ-
ent dairies in Denmark, and the samples taken dur-
ing the experiment were stored at temperatures of 
7±0.5 °C and analysed daily over 9 days. Immedi-
ately after pasteurization, B. cereus was confirmed 
in only 2 of 27 samples, but after 5 days of storage, 
the number of this bacterium started to increase sig-
nificantly. Of the total of 24 positive samples, after 9 
days of storage 11 samples contained B. cereus more 
than 103 mL-1. Although this level of contamination 
does not cause spoilage in HTST or UHT milk, it 
does represent a level which may be hazardous to 
human health if the strains are pathogenic (IDF Bul-
letin, 2000; Christinsson, 2002; Svenson et al., 
2005). The presence of B. cereus in pasteurized milk 
in number greater than 106 cfu mL-1 causes a change 
of the characteristic flavour of HTST or UHT into 
unclean, fruity, bitter, rancid or yeasty flavour.
 Within the genus Bacillus spp., the spore-form-
ing, non-pathogenic bacteria B. sporothermodurans 
and B. stearothermophilus are the most tolerant to 
the temperature and time conditions of milk sterili-
zation (Huemer et al., 1998). Unlike B. cereus, B. 
subtilis and B. licheniformis, the presence of these 
bacteria in sufficient numbers caused an acidic co-
agulation and a cheese-like flavour and aroma of 
sterilized milk.
Fermented milks
 In general, due to the lower pH value (~4.2-
4.6), fermented milks is not a suitable environments 
for the majority of spoilage-causing bacteria (Rašić 
and Kurman, 1978; Robinson et al., 2002; 2006). 
However, in the production of fermented milks, the 
problem lies in the raw milk quality that is stored 
at low temperatures for longer period of time prior 
to processing (Rossland et al., 2005). Under those 
conditions, psychrotrophic bacteria hydrolyze the 
proteins and milk fat. The consequences of these hy-
drolytic changes on the quality of fermented milks 
are manifested, first of all, in changes of texture 
and flavour. For example, due to the hydrolysis of 
κ-casein in raw milk, yogurt has a more firm gel and 
higher viscosity, while syneresis is more pronounced 
(Gassem and Frank, 1991). It is interesting to note 
that the proteolytic changes favour the growth of 
microbial cultures by increasing the concentrations 
of the free amino acids. However, at the same time 
due to the lipolytic changes caused by the lipases 
of psychrotrophic bacteria, absent of typical aroma 
in final product is very often occurred. Instead, an 
atypical flavour is formed which can be described 
as bitter, rancid, unclean and fruity (Sørhaug and 
Stepaniak, 1997). 
Cream and butter
 Considering that cooled milk is almost exclu-
sively used in the present day production of cream 
and butter, in approximately 25 % of cases, psychro-
trophic bacteria are the main causes of spoilage and 
reduced shelf-life of those products (Cox, 1993; 
Larsen and Jørgensen, 1997; Spreer, 1998b). 
The defects can be caused directly by microbial 
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contamination of the product, or indirectly as the 
result of prior growth of psychrotrophic bacteria in 
raw milk (Causin, 1982; Cox, 1993; Mirth, 1998; 
Spreer, 1998a; McPhee and Grffiths, 2002).  
 Since the cream and butter are products with 
high fat content they are more prone to lipoly-
tic than to proteolytic spoilage caused by the ther-
mostable enzymes of psychrotrophic bacteria (Ko-
rnacki and Flowers, 1998). Although, bitterness 
and off flavour also can be developed by their ability 
to hydrolyse milk protein (Causin, 1982; McPhee 
and Grffiths, 2002).
 P. fragi or, more rarely P. fluorescens have been 
reported as major organisms associated with rancid-
ity of these products due to their lipolytic capacity 
of fat digestion to free fatty acids (Stead, 1986). In 
addition, if the distribution of moisture in butter is 
incorrect they may grow within the butter. In such 
cases, P. fragi develops apple-like esters taints first 
and consequently rancidity will be detected later by 
taste. P. putrefaciens more commonly grows on the 
surface of butter at usual storage temperatures be-
tween 4-7 °C. Due to release of certain organic ac-
ids, in particular isovaleric acid, after 7-10 days, pu-
trid odour of butter can be recognised. Both of them 
are able to produce greenish pigments and various 
taints that can give unpleasant discoloration on the 
surface of butter. Less common spoilage defects as 
unpleasant flavour and black discoloration are usu-
ally caused by P. mephitica and P. nigrifaciens (Jay, 
1992; Koka et al., 2001; Munsch-Alatossava et 
al., 2005). 
Cheese
 Every increase in the number of psychrotrophic 
bacteria in milk for the cheese making above ~103 
cfu mL-1 always has a larger or a smaller negative im-
pact on the overall quality of the cheese. The occur-
rence of psychrotrophic bacteria even in relatively 
small numbers in raw milk will increase rapidly to 
the contamination levels of 105-108 cfu mL-1 after 
just two days of cold storage. This level of bacterial 
contamination significantly reduces the suitability of 
milk for cheese production. The first negative con-
sequence is the destabilization of the natural plasmin 
system of milk. Namely, the proteinases of psycho-
tropic bacteria stimulate the release of plasmin and 
plasminogen from the casein micelles. In cheese pro-
duction, that means that plasmin and plasminogen 
will be largely removed into whey fraction of milk. 
That process, in generally, could affect the quality of 
cheese, as plasmin is important for flavour and tex-
ture development as well as cheese yield (Fajardo-
Lira and Nielsen, 1998). Consequently, the rennet 
coagulation time of raw milk decrease significantly 
which is opposite to pasteurised milk where coagu-
lating time of milk is significantly increased. This 
can be explained by possible interaction between 
the psychrotrophs and the rest of the native micro-
bial populations in raw milk that have an effect on 
rennet. In addition, since α- and β-caseins are at-
tacked by psychrotophs proteinases, κ-casein may 
become more accessible to attack by rennet. So, the 
coagulation time in raw milk is reduced (Cousin 
and Mirth, 1977). On the other hand, growth of 
psychrotrophic bacteria in raw milk may affect milk 
protein to modify or irreversibly change its structure 
during heat treatment of milk. Namely, the changes 
of protein that has happened in raw milk may cause 
it to become sensitive to the temperatures, so dif-
ferent protein complexes can be formed such as the 
complex between β-lactoglobulin and casein that ex-
tended time of coagulation in heat treated milk.
 The problems with proper coagulating time are 
also frequently associated with partial solubilization 
of ß-casein in raw milk and later its tendency to 
leave the casein micelle. This leads to reduction in 
diameter and an increased hydration capacity of the 
casein micelle, both of which promote a greater sta-
bility. However, as a result, the curd becomes more 
fragile and less compact. The problems with proper 
coagulating time are even more pronounced in the 
production of cheeses from sheep’s milk, which con-
tains a higher ratio of β-casein (~1/2 CN) in com-
parison with cow’s milk, where the ratio of β-casein 
in the casein micelles is about ~1/3 (Manfredini 
and Massari, 1989; Tavaria et al., 2006). Regard-
less of the reason, coagulation time and the quality 
of curd are significantly changed. 
 In addition, it is important to stress that milk 
contamination with only 103 cfu mL-1 of psychro-
trophic bacteria, after cold storage at low tempera-
tures for 48 hours will reduce the yield of the curd by 
~4 % (Leitner et al., 2008). The Pseudomonas spp. 
and/or their thermostable proteolytic enzymes are 
most often associated with this kind of fault (Fox, 
1981; McSweeney, 1997; McPhee and Griffiths, 
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2002). Moreover, these hydrolytic enzymes remain 
in the cheese curd and later cause an atypical flavour 
during ripening, particularly in semi-hard and hard 
cheeses that have long ripening (Fox, 1981).
 The activity of the proteinases of Pseudomonas 
spp., and especially P. fluorescens leads to the occur-
rence of sliminess and pigmentation in fresh cheeses, 
greater losses in the production of semi-hard and 
hard cheeses and defects in the flavour, texture and 
stability of cheese (Walker, 1988; Mitchell and 
Marshall, 1989). For example, it is confirmed that 
the gelatinion and/or slimy texture of fresh cheeses 
(with 55-80 % moisture content) is a direct result 
of the contamination of cheese with Gram-nega-
tive psychrotrophic bacteria, usually the species P. 
flourescens, P. fragi and P. putida (Brocklehurst 
and Lund, 1985; Fox et al., 2000). Indirectly, the 
poor texture of fresh cheeses is the result of the ac-
tivity of the thermostable proteolytic enzymes of 
those bacteria.
 In comparison with the proteinases which are 
extracted in significantly large part by whey, the 
lipases of psychrotrophic bacteria are adsorbed on 
the fat globules and remain in the cheese (Fox and 
Stepaniak, 1983; Stead, 1986; Cox, 1993). Thus, 
undesirable lipolysis takes place by the end of cheese 
ripening and primarily is responsible for causing off-
flavours in cheese due to realised of free fatty acids 
from the fat globules. In the case of lipases produced 
by P. fluorescens, rancidity taste in hard cheeses will 
be appeared after two months of ripening. With 
respect to cheeses where desirable lipolysis takes 
place, undesirable lipolysys raises the concentration 
of free fatty acids by 3-10 times (Law, 1979; Cor-
setti et al., 2001). 
 Bacillus spp. are bacteria that can survive the 
usual temperatures of milk pasteurization (72 °C/15 
seconds) that are used in the manufacturing of a large 
number of different cheeses varieties. These bacte-
ria are therefore considered the next microbial group 
that can cause an extended time of coagulation and 
have a negative impact on the quality of the curd 
(Johnson, 1998; Caceres et al., 1997; Rukure and 
Bester, 2001). Because these bacteria grow slowly in 
milk, they are the cause of cheese defects when their 
numbers in milk reach a level of contamination of 
≥106 cfu mL-1. Most often, these bacteria cause an un-
desirable texture of the cheeses, and the appearance 
of defect is specific for different varieties of cheese.
 Due to the fact that there are numerous dif-
ferent cheese varieties, each significantly different 
than other, the occurrence and appearance of de-
fects caused by psychrotrophs are not uniform for 
all cheeses (Spreer, 1998c; Walstra, 1999b; Wal-
stra, 1999c; Corsetti et al., 2001). However, the 
defects that are common to all cheese varieties are 
improper coagulation time and a reduction of the 
quality of the cheese curd. 
Controls
 The negative impacts of psychrotrophic bac-
teria on the quality of milk and dairy products are 
unquestionable. Their ubiquitous nature in the pro-
duction environment and ability for rapid growth 
under low temperatures have made this group of 
bacteria the leading direct and/or indirect cause of 
spoilage of milk and dairy products. Contamination 
of raw milk with psychrotrophs, even under the 
best manufacturing practices, cannot be completely 
avoided. However, cooling of milk at a temperature 
of 2 °C, instead of at temperatures between 4 and 
6 °C (which is the most commonly applied cooling 
temperature), can significantly slow their growth as 
well as their proteolytic and lipolytic activity (Ku-
marsan et al., 2007). However, the slowing of the 
growth of psychrotrophic bacteria at lower milk 
storage temperatures has an effect only in cases 
where their initial number is ≤103 cfu mL-1. The heat 
treatment of raw milk (65-69 °C/15 s) in the dairy 
plant prior to pasteurization can reduce the number 
of Gram-negative psychrotrophic bacteria by 77-97 
%, but has no effect on spore-forming Gram-positive 
psychrotrophic bacteria (Champagne et al., 1994). 
 Filling machines in the dairy industry represent 
the most common site for product recontamination 
by psychrotophs. Therefore, permanent hygiene 
controls of filling machines are recommended.
 It is assumed that Gram-positive spore-form-
ing psychrotrophic bacteria can contaminate heat 
treated milk and dairy products during the entire 
production process via inaccessible corners in the 
production system and via the biofilm on the surface 
of dairy plant equipment (Eneroth et al., 1998; 
Poulsen, 1999). Considering that spore-forming 
bacteria, especially Bacillus spp. comprise a very 
heterogeneous group of bacteria bearing different 
physiological properties, it is very difficult to stand-
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ardize the procedures to isolate these bacteria from 
milk and dairy products and to define the condi-
tions for their activation (McGuiggan et al., 1994; 
Francis et al., 1998). In that sense, the combina-
tion of cooling temperatures and heat treatment of 
milk, and its bactofugation can be of significant ad-
vantage. However, the problem of subsequent con-
tamination of the final  product with these bacteria 
is not easy to control. So, it is believed that well de-
signed dairy plant equipments that are easy to clean 
can largely reduce the occurrence of spore-forming 
psychrotrophic bacteria in the product. Also, based 
on the research of this issue, it can be assumed that 
the domination of certain Bacillus species in dairy 
products appears to be largely regionally specific. 
Therefore, it is important for the dairy producers 
to determine which of these species has the highest 
predisposition for contamination of their particular 
dairy products.
 Regardless of whether the psychrotrophic bac-
teria are Gram-negative or Gram-positive, controls 
of the production process by adoption of HACCP 
or similar quality control systems is still considered 
to be the most effective form of control. However, 
depending on the type of dairy product, further con-
trols on the growth of psychrotrophic bacteria can be 
recommended, such as controlling water activity, pH, 
and the usage of permitted antimicrobial compounds 
as well as through ensuring conditions for rapid cool-
ing of finished products to temperatures ≤2 °C. 
Instead of a conclusion
 Over the past fifty years, numerous studies 
on psychrotrophic bacteria have been conducted, 
though many issues relating to psychrotrophic pop-
ulations in milk and dairy products remain unan-
swered (Hantsis-Zacharov and Halpern, 2007). 
On the other hand, psychrotrophic bacteria remain a 
significant economic problem for the dairy industry 
(Varnam and Sutherland, 1996; Garbutt, 1997; 
Randolph, 2006). These facts suggest that the 
identification and control of psychrotrophic bacteria 
associated with milk and dairy products will contin-
ue to be the subject of many scientific and expert 
studies.
 Due to the facts that psychrotrophic bacteria 
are the main microbial causative agents of spoilage 
of milk and dairy products, and  that some of them 
are considered the opportunistic pathogenic bacte-
ria, effective control of processing conditions have 
to be required. Only by regular controls of the pres-
ence of psychrotophs would significantly contribute 
to improving the quality of milk and dairy products, 
and to increasing profits.
 Based on the previous research in terms of pre-
venting measures, it seems to be the most accept-
able to maintain the recommended standard for the 
quality of raw milk of ≤30,000 cfu mL-1 for the total 
number of aerobic mesophilic bacteria, and <5,000 
cfu mL-1 for the number of psychrotrophic bacteria.
Psihrotrofne bakterije i njihovi  
negativni utjecaji na kvalitetu mlijeka  
i mliječnih proizvoda
Sažetak
 Osobine i svojstva mikrobnih populacija sirovog 
mlijeka u momentu prerade presudne su za pojavu 
kvarenja, vrijeme održivosti, organoleptičku kvalite-
tu i randman mlijeka i mliječnih proizvoda. Hlađenje 
i vremenski duža pohrana sirovog mlijeka na niskim 
temperaturama, uobičajena u današnjim uvjetima 
proizvodnje, pogoduje rastu psihrotrofnih bakterija. 
Zbog toga, broj tih bakterija u ohlađenom sirovom 
mlijeku u odnosu na broj mezofilnih aerobnih bak-
terija značajno je viši od njihovog idealnog omjera 
od 10 %. Većinu psihrotrofnih bakterija karakteri-
zira sposobnost tvorbe ekstracelularnih i/ili intra-
celularnih termostabilnih enzima (proteaze, lipaze, 
fosfolipaze) koji mogu uzrokovati kvarenje mlijeka 
i mliječnih proizvoda. Određene vrste psihrotrofnih 
bakterija pokazuju i prirodnu otpornost na antibi-
otike i/ili mogu stvarati toksine te se istovremeno 
smatraju i uvjetno patogenim bakterijama. U smislu 
kvalitete sirovog mlijeka i mliječnih proizvoda psi-
hrotrofne bakterije postale su ozbiljan problem s ko-
jim se suočava današnja mljekarska industrija. Svrha 
ovog preglednog rada bila je opisati negativan utjecaj 
koji psihrotrofne bakterije imaju na kvalitetu sirovog 
mlijeka i gotovih mliječnih proizvoda. Također, u 
radu su opisane najznačajnije vrste, te značenje kon-
trole kojom se može umanjiti kontaminacija mlijeka 
i mliječnih proizvoda psihrotrofnim bakterijama.
 Ključne riječi: psihrotrofne bakterije, kontami-
nacija, biofilm, kvaliteta mlijeka i mliječnih proizvo-
da, kontrola
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